This paper investigates prescription drug utilization changes following an exogenous shift in consumer co-payment caused by a reform in the Danish subsidy scheme for the general public. Two different types of medication are considered -insulin for treatment of the chronic condition diabetes and penicillin for treatment of non-chronic conditions. Using purchasing records for a 20% random sample of the Danish population, I show that increasing co-payments lower the utilization of both drugs. I demonstrate that individuals treated with drugs for chronic conditions react to the policy change by stockpiling on their medications. This has implications for other papers in the literature that use variation in subsidy rates over time to estimate the price elasticity of demand. This is not the case for penicillin however, where price elasticities are estimated to be in the -.18 --.35 range.
Introduction
Health care expenditures have been growing rapidly in the OECD countries over the last years, with an OECD average of 7.2% of GDP in 2000 and 8.9% of GDP in 2006, and are foreseen to do so in the future as well. A large contributor to this increase is prescription drug expenditures. In countries where health care is universally financed (and sometimes even supplied) by the government, including e.g. Denmark where average drug expenditures went up 30.6% from 1995-2003, different cost containment strategies have been employed to deal with increased prescription drug expenditures, for example by increasing the consumer co-payment. This paper investigates how changes in consumer co-payment affect utilization and prices of prescription drugs in Denmark while exploiting a reform of the general population reimbursement scheme for prescription drugs. As opposed to many papers in the literature, I have access to individual level data which allows me to control for different characteristics determining purchase decisions. The data are drawn from Danish administrative registers and hold information on a 20 % random sample of the Danish population. The data include daily information on prescription drug purchases such as type of drug, quantity, price, and co-payment. In addition, I have information about socioeconomic status that allows me to study effects over different sub-groups of the population within the same institutional regime.
In Denmark, the scheme by which consumers are subsidized by the government was changed dramatically in 2000 in terms of consumer co-payments. Before 2000, the Danish population faced a subsidy scheme that offered first dollar coverage for drugs 1 . The drugs were divided into two categories, Type A and Type B drugs. Type A had a 50% subsidy and Type B a 75% subsidy.
Insulin had a special status as the only product with a co-payment of 0%. From March 1 2000, this system was replaced by a reimbursement scheme by which co-payments became a function of individual level consumption; see Simonsen et al. (2010) . One of the main goals of this reform was to increase the average consumer co-payment while retaining a safety net for patients with a catastrophic level of expenditures.
I evaluate the effects of the policy change using a regression discontinuity design that makes use of exact dates of purchases. My contribution, relative to other studies that rely on time variation to identify effects of policies that increase the consumer payment (see for example Lexchin & Grootendorst (2002) for a review), is that I have knowledge of purchase dates that allows me to investigate the phenomenon of stockpiling. This leads the researcher to overestimate price effects, but it also points to inefficiencies in the reimbursement scheme, i.e., people buy more or time their purchases because of the insurance. This information turns out to be crucial in my analysis and has important implications for other papers that use changes in cost sharing over time for identification within this area.
One of the important shortcomings of the existing literature is the lack of information about differential effects of co-payment across types of drugs. I contribute to the literature by analyzing two commonly used drugs that represent polar cases in several respects: insulin, which is used to treat a chronic and life-threatening condition afflicting mainly the elderly population and penicillin that is used to treat non-chronic, transitory conditions that are likely to affect the general population.
Furthermore, because the entire Danish population was influenced by the policy change, my results
are not limited to hold for a specific subgroup of the population with certain observable characteristics.
I find that the increased out-of-pocket payment for prescription drugs has a negative effect on utilization for both drugs under consideration. The increase in co-payment reduces utilization on the intensive as well as extensive margin for insulin. However, these effects are overestimated due to stockpiling of the medication, and I show that relying on changes in co-payment for identifying price responses, as is often done in the literature, can be misleading when one does not account for the heterogeneity of drugs. Although I do not present a formal model of stockpiling, my analysis clearly demonstrates that people plan their future consumption, and that this is more pronounced for the upper part of the income distribution. Further, the price elasticity of the propensity to purchase penicillin is estimated to be in the -.18 --.35 interval, with the lower part of the income distribution being more price responsive. My results are confirmed by a wide range of sensitivity checks that include the incorporation of fixed effects and falsification tests.
The remainder of the paper is organized as follows. Section 2 provides a review of the existing literature. Section 3 outlines the institutional framework of the Danish market for prescription drugs. Section 4 describes the data and descriptive statistics. Section 5 describes the empirical strategy and identification. Section 6 presents the results, and section 7 concludes.
Literature
There is a substantial literature on utilization effects of changes in consumer co-payments. Most notably is probably the RAND Health Insurance Experiment (HIE) which ran from the late 1970's to the start of the 1980's. In a randomized experiment, non-elderly Americans were randomized into different insurance categories with varying co-payment levels, see Manning et al. (1987) and Newhouse (1993) . The study did not focus on prescription drugs, but reported the price elasticity of overall health care demand to be around -.2. Lexchin & Grootendorst (2002) provide a review of the literature on consumer co-payment effects on prescription drugs utilization for the elderly. Based on the reviewed papers, they report price elasticities in the range -.34 to -.50 for the poor and chronically ill. However, most of the existing studies have shortcomings. First, as mentioned, they focus on specific subgroups of the population, for example the elderly or people with low health status in Medicare and Medicaid or individuals within a specific private health insurance plan. These subgroups are of course of great interest in themselves as they might be expected to be price responsive, but any results derived from specific subgroups are hardly representative of the general population. How the general population reacts to co-payment changes will be relevant input in policy designs and discussions in countries with government run health insurance that covers the entire population. Second, the outcome measures available are typically limited to the number of prescriptions filed or total expenses during a given month. This leaves out the possibility of analyzing differences in demand response to co-payment changes for different drugs. Tamblyn et al (2001) analyze the effect of increased co-payments on essential and less essential medications for the elderly and adults on welfare in Quebec, Canada.
Using an interrupted time series regression design, they find that increased co-payments have a greater negative effect on utilization of less essential drugs compared to essential drugs.
Chandra et al. (2010) study price responsiveness for people enrolled in California Public
Employees' Retirement System (CalPERS) with focus on the elderly population. In 2001 copayments went up for the fraction of enrollees under Preferred Provider Organizations (PPO), and in 2002 co-payments were increased for the fraction that received care through HMO's. With difference-in-difference techniques, the authors estimate drug utilization elasticities with respect to patient co-payments. The resulting elasticities are comparable to the RAND HIE estimates.
In another paper, Contoyannis et al. (2005) estimate the price elasticity for prescription drugs in the presence of a nonlinear price schedule for the elderly population (age 65 and over) enrolled in the Quebec Public Pharmacare program in Canada. They also exploit time variation in cost-sharing.
Their overall finding is a price elasticity ranging from -0.12 to -0.16.
Institutional Framework
Denmark has universal and tax financed health insurance run by the government. This includes paid hospital treatments and GP visits. Prescription drugs are also part of the public health insurance plan, though with substantial co-payments. Before March 1 2000, prescription drugs were divided into two categories, Type A and Type B drugs, both with first dollar coverage. Type A drugs carried a 50% co-payment, whereas Type B drugs had a 25% co-payment. Drugs would be subject to the 50% co-payment if 'the drug has a safe and valuable therapeutic effect, unless there is a risk of unwanted excessive use' 2 . Besides these requirements, a drug would be subject to a co-payment of 25% if the drug was used to treat 'a well-defined, often life-threatening condition and if the drug could not be used for less appropriate medical indications' 1 . Besides these two broad groups, some exceptions were made: Insulin (part of anti-diabetics) was exempt of any co-payments, i.e., the consumer did not pay for the drug. On the other hand, drugs aimed at treating less dangerous ailments such as Viagra did not receive any subsidy (along with birth control medications).
From March 1 2000, this reimbursement scheme was discontinued. The new subsidy scheme was enacted by law on December 18 th 1998, so consumers would to some extend know about the changes, and hence had the opportunity to react by e.g. stockpiling. Under the new regime, copayments became a function of expenditures: consumers would have to pay the full cost of prescription drugs if the yearly expenditures were below DKK 500 3 , i.e., 100% co-payment. When reaching the DKK 500 limit, co-payments were reduced to 50%. Reaching DKK 1200 would reduce co-payments to 25% and 15% at DKK 2800. The first time after March 1 2000 an individual would go to the pharmacy and buy a drug, the individual specific accounting year would start. After exactly one year, the individual account would be zeroed. By far the most, but not all prescription drugs, are subject to this general subsidy scheme. Some prescription drugs only qualify for the subsidy if they are prescribed for a specific condition, this scheme is named conditional subsidy.
Apart from general and conditional subsidies, an individual can receive one-product, increased, chronic's, terminal, and municipality specific subsidies. One-product subsidies concern a specific type of product (and all its substitutes) that is subject to neither a general nor a conditional subsidy.
A general practitioner makes the application on behalf of the patient, and the Danish Medicines Agency is decisive. If the subsidy is granted, all purchases of the given product will be added to the above mentioned expenditures in the same manner as purchases of products with general or conditional subsidies. Typically, the subsidy will be granted for life but may in certain cases be disbursed for shorter periods (for example if the product is not to be consumed over an extended period). Post-patent drugs are subject to generic substitution. Therefore subsidies are only granted to the cheapest alternative within a substitution group (more on this later). A patient can choose to get e.g. the branded version of a drug, but then has to pay the price difference. On behalf of the patient the doctor can apply for increased subsidy to cover this gap if the patient is allergic to some components of the generic alternative. People suffering from chronic illness can be granted a subsidy by the Danish Medicines Agency if they have very high drug expenditures (around DKK 18,000 per year). In-patient prescription drugs are free of charge and provided by terminal subsidy to dying patients who wish to spend the remaining of their lives at home or at a hospice. The municipality specific subsidies are income tested and are granted on the municipality level. In the subsequent analysis, all these different type of subsidies are included when considering the consumer out-of-pocket expenses.
This structure can potentially alter the average co-payment for different drugs. For example, expensive drugs used to treat chronic conditions would, all other things equal, be associated with a lower co-payment on average after the reform, since high price combined with extensive use would increase consumer expenditures, and hence decrease co-payment. Similarly, drugs used to treat nonchronic conditions, e.g. penicillin, are expected to be associated with high co-payments on average, given a sufficiently low total consumption over the year. However, insulin would surely have a different and higher average price.
Private Insurance
Private market prescription drug coverage insurance plans exist alongside public health insurance in Denmark. The only significant player in this market is "Danmark" 4 . Out of a population of 5.5 million, "Danmark" insures around 2 million Danes. The company offers four types of policies;
Group 1, 2, 5, and Basis. Group 1 and 2 insurance (about 400,000 individuals in total) covers all prescription drug expenditures related to products granted one of the government subsidies described above and 50% of all costs related to products without any government subsidy. Eligibility to be insured by "Danmark" is conditional on the following requirements: No person requesting membership in "Danmark" will be admitted if they suffer from chronic or returning medical conditions or any 'physical weaknesses'. Neither will they be admitted if they have consumed prescription drugs/pharmaceuticals during the 12 months leading up to the request for membership or if they have received treatment at a physiotherapist, a chiropractor or the like.
Furthermore, the request to be insured must be made before the age of 60, the person making the request has to be in perfect health at the moment of acceptance into the policy, and the individual is required to have residency in Denmark. The policies of "Danmark" did not change over the period studied. In the current data set it is not possible to verify if a person is insured through 'Danmark' 5 .
This will have implications for identification which I will discuss later.
Pharmacies and Physicians
Prescription drugs are sold at government licensed pharmacies only. All information about purchases is registered in a database at the Danish Medicines Agency. Pharmaceutical companies are free to set prices, but they have to report these to the Danish Medicines Agency every 14 days. 4 The insurance policies of "Danmark" provide coverage for a number of other medical treatments, e.g. dentistry. 5 I am working on adding this information.
The Danish Medicines Agency then announces pharmacy retail prices which means that the consumer is met with the same price of a specific product no matter at which pharmacy the purchase is done. 
Drugs Studied
To shed light on the possible heterogeneity in reaction to co-payment changes over prescription drugs, I focus on two different drugs; penicillin which is an antibiotic and insulin (anti-diabetic). I focus on these drugs for two reasons: First of all, focusing only on a couple of drugs allows me to carry out a more rigorous and detailed analysis, compared to an alternative of evaluating the reform's impact on all drugs. Second, the antibiotic drug is used to treat acute and non-chronic conditions that may affect the general population. Penicillin is interesting as it is expected to face a huge increase in average co-payment after the reform. The typical penicillin consumer will use a small amount of prescription drugs (more on this later) and is therefore not likely to receive any subsidy immediately after the introduction of the reform. Insulin on the other hand is used to treat a chronic medical condition (diabetes) that requires daily intake of the drug, and patients in treatment will have a high degree of certainty regarding future consumption. These consumers are therefore expected to react differently to announced changes in prescription drug reimbursements. It is likely that any differences in reaction to the reimbursement changes over these two categories of drugs will carry over to other drugs with similar characteristics. Lilly' and 'Paranova Danmark'), A10AB04 ('Eli Lilly') and A10AB05 ('Novo Nordisk').
Intermediate-acting insulin is sold under the ATC-code A10AC01 ('Novo Nordisk', 'Eli Lilly' and 'Cross Cimilar A/S') during the period that I am studying. Finally, intermediate-acting insulin combined with fast-acting insulin is sold under the ATC-codes A10AD01 ('Novo Nordisk' and 'Eli Lilly') and A10AD04 ('Eli Lilly'). To sum up, 3 out of the 6 different ATC-codes for insulin have strictly more than one supplier, whereas the other 3 have only one supplier. Insulin has the distinct feature that it was completely free for the consumer prior to the reform (co-payment of 0%).
Diabetes being a chronic condition, the post-reform average co-payment percent of insulin is likely to be low, however it is likely to have an out-of-pocket price strictly greater than zero. As opposed to the case of penicillin, consumers will have some certainty regarding their future consumption, giving them strong incentives to stock-up on insulin before the reform change, which of course makes the use of changes in co-payment problematic for identifying price responses. I will address this problem by removing observations from the data set that are close to the reform date to shed light on the degree of stockpiling.
Data and Descriptive Statistics
The original data set used consists of a 20% random sample of the Danish population obtained from Furthermore, the average number of DDDs per filed prescription has fallen from 51.33 to 47.70, and the number of individuals buying insulin has declined from at weekly average of 1,043 to 809.
TABLE 1 INSULIN -DESCRIPTIVE STATISTICS -WEEKLY
Note: Statistics Denmark, 20% random sample. Descriptive statistics on insulin consumption. ATC4: A10AMean, standard deviation, min and max over weekly sales. 6 See http://www.whocc.no/atcddd/atcsystem.html 7 If you redeem a prescription at the pharmacies outside of normal business hours, a small fee is charged if the prescription is a refill (multiple pick-ups). From table 2 we see that penicillin is the most frequently prescribed of the two drugs and with most individuals receiving treatment. There is a slight increase in the number of DDDs per prescription from the first period to the next, however this is very small. The out-of-pocket payment per DDD has increased by a factor 1.5.
TABLE 2 PENICILLIN -DESCRIPTIVE STATISTICS -WEEKLY
Note: Statistics Denmark, 20% random sample. Descriptive statistics on penicillin consumption. ATC:J01CE02 Mean, standard deviation, min and max over weekly sales.
A feature the two drugs have in common is that the reform was associated with large changes in the average co-payment. Table 3 contains descriptive statistics on consumption of the specific drug alone for penicillin and insulin. Mean and median total expenditures on insulin are DKK 4,600 and DKK 4,200 respectively, but with basically zero co-payment (O-o-P). That mean and median consumption measured by DDD amounts to more than 365 relates to the fact that there are different types of insulin, i.e., fast-acting etc. Regarding penicillin, the average consumer buys 10 DDDs, and pays half of the total out-of-pocket cost. This indicates that the out-of-pocket price of penicillin will increase with almost 100% just after the reform for many consumers. The first thing to notice is that very few people are being treated with insulin compared to penicillin. 16.3% of the Danish population aged 18 or above redeemed at least one penicillin prescription during the year 1999, whereas less that 1% (0.9%) bought insulin. Measured by total expenditures (Tot. Exp.), consumers who bought insulin are sicker in general. With mean and median levels of about DKK 9,000 and DKK 7,000 respectively, this is in stark contrast to the penicillin group with mean and median at DKK 2,000 and DKK 400. The corresponding figures for the general population are DKK 1,400 and DKK 155. Compared to the figures in table 3, this suggests that insulin amounts to roughly half of the total prescription drug expenditures for insulin consumers. The consumption level of people who buy penicillin is actually very similar to that of the population in general. Notice that the general population includes individuals who do not buy drugs. Furthermore, with total expenditures roughly at DKK 7,000, the median insulin consumer would expect to end her individual accounting year in the new reimbursement regime in the bracket that carries a 15% co-payment on additional purchases. In contrast to this, the median penicillin consumer with expenditures at DKK 400 will expect to face the full cost of his/her medications.
This has important implications for identification as we will discuss later. For a graphical inspection I aggregate total sales by drug category on a weekly basis, as measured in DDD, a year before and after the drug reimbursement reform. I do not consider calendar weeks, but let the first week in the post-reform period start on March 1. Similarly, the average total price and average consumer co-payment is calculated (measured in DKK). I also calculate the average number of daily doses per prescription filed, as well as the number of prescriptions per drug per week and the number of persons being treated each week. The latter three, together with total sales volume will measure any change in utilization. Changes in total sales, together with the number of prescriptions redeemed, will tell how the market for a given drug reacts as a whole to the reform change. The average number of daily doses per prescription is a measure of consumption on the intensive margin, i.e., do individuals by more of the drug. The number of people receiving treatment measures changes on the extensive margin, i.e., does more people initiate treatment with the drug.
The total price of the drug will be my measure of how prices react to the changes in co-payment.
That is, do the firms change their prices as a reaction to changes in co-payments. Last but not least, the average consumer payment will be calculated.
The outcome variables are graphed below. In figure 1 the total volume per week as well as the average number of DDDs per filed prescription for insulin are plotted. As can be seen, there is a noticeable increase in the number of DDDs sold in the weeks just prior to the regime change and a decline just after. Also, the number of doses on each prescription increases sharply just before the regime change. Week 0 is March 1 2000, and week -1 is the week before etc.
The graphs for number of prescriptions and number of persons in treatment show similar patterns; see Appendix B. Figure 1 strongly suggests a forward looking element in the consumption of insulin. That is, individuals anticipate that insulin is going to be more expensive in the future, and therefore they stock up on it while they can get it for free. This fact makes it key to discard some of the observations close to day zero in the empirical section. Also note the upwards trend in the postreform period. As the insulin category consists of 5 different (traded) ATC-codes, it is relevant to check if the pattern in figure 1 is the same for all insulin drugs. The peak in sales just before the reform date is evident for all 5 drugs, but it is more pronounced for A10AB04 (fast-acting), The fast-acting insulin A10AB01, with a market share around 30% through the period, displays a similar pattern. The combined intermediate/fast-acting drug A10AD01 experiences an inverted pattern compared to the two other drugs; its share of the total is just below 20% the weeks before the reform and jumps up to around 30% after the reform date, and then decreases again. This would suggest that the stocking up on this particular drug is less intense. The out-of-pocket price is zero in the first year and increases dramatically at the start of the next period. However, the average price decline again and reaches a level around DKK 2 per DDD. The gradual declines in average out-of-pocket payment is caused by consumers reaching a high level in terms of drug expenditures which drives down their co-payment (see section 3). Regarding the total price, the first year the price is constant at around DKK 10.5, but with two plunges to DKK 9.5 around 20 and 10 weeks before the reform. After the reform it starts out just below DKK 11, however with at slightly decreasing trend. Around week 45 after the reform, it suddenly falls from DKK 10.5 to DKK 9.5. The price series for the individual ATC-codes are in Appendix B. The price plunges 10 and 20 weeks before the reform seems to be driven by the drugs A10AC01 and A10AD01 and to some extend A10AB01. Note that these three drugs all have strictly more than one producer. The price drop around week 45 in the post-reform period is similar for all 6 ATC-codes.
Figures 3 and 4 display the same series for penicillin. The most notable difference between the insulin sales and penicillin sales is the strong seasonal component in the latter. The penicillin sales peak in the winter months which we might have expected (it is used to treat e.g. pneumonia). The seasonality is also prevalent in the average number of doses per prescription. With respect to the price series in figure 4 , we see the same jump in out-of-pocket price at the reform date. The average out-of-pocket price also declines over time for penicillin, however not as much as that of insulin did. A subset of the consumers who buy penicillin will be individuals with chronic conditions and therefore people with high drug expenditures. As we saw previously, a person in insulin treatment is likely to hit the part of the subsidy bracket where co-payment is only 15%, which of course will I now turn to the empirical strategy of the paper, followed by a description of the identification strategy. 
Empirical Strategy
The empirical part of the paper is divided into two different sections. This is done in order to address the inherent characteristics of the products studied. As figure 1 suggests, insulin is stockpiled prior to the reform date. Although I do not estimate a model that explicitly handles this phenomenon, I will discard observations close to the reform date to evaluate whether the reform results in any long term effects. Penicillin sales on the other hand, as seen in figure 3 , have a very strong seasonal component to it. In contrast to insulin, stockpiling penicillin did not seem to be an issue. So to circumvent the seasonal component of the sales, we can use observations arbitrarily close to the reform data to estimate an effect of the price change. Figure 3 clearly demonstrated a strong seasonal component of the penicillin consumption. An empirical specification that uses data a year before and after the reform might not fully capture this variation. Further, comparing consumption over two years can be problematic, especially for penicillin if, say, the winter months in one of the years were colder, and hence implied a greater outbreak of certain infections. Then this would ultimately confound the results. If we only consider purchases very close to the reform change, i.e., days immediately before and after it, we can avoid such unmeasured variation confounding the analysis. This is basically a regression discontinuity design in time; see Imbens & Lemieux (2008) and Hahn, Todd, & van der Klaauw (2001) . The proposed outcome of interest is the propensity that an individual goes to the pharmacy and redeems a penicillin prescription on a given day close to the reform. As we saw in section 4, the number of consumers who bought penicillin and the number of prescriptions were almost identical, and the reform did not seem to have any impact on the amount of doses supplied per prescription. Of those who buy penicillin more than 90% only redeem one prescription during a year. We would not expect effects on the intensive margin, at least not to the same degree as the case for insulin. Hence, the outcome of interest should be whether or not an individual engages in treatment. I propose to estimate the propensity to purchase with the following probit model:
Penicillin
where I is a reform indicator, T is a time trend that captures the seasonal curvature and D are dummies to capture any weekday specific variation. The parameter of interest is ߚ ଵ . The introduction of the new subsidy scheme implies, on average, a huge increase in consumer copayment. If we are willing to make the plausible assumption that no other factors determining the propensity to purchase 'jumps' at the reform date, we have identified a causal relationship between consumer co-payment and the propensity to purchase.
Insulin
In the estimation part of the paper, the outcome variables for insulin are basically the same as in the graphical analysis. I propose to estimate the following fixed effect model for each outcome of interest:
(1.2): The time periods are changed from weeks to 90 days. As we saw in table 1, the average insulin prescription contained 40-50 daily doses, so maintaining the weekly time dimension would leave us with many observations without purchase. Further, there did not seem to be seasonal variation in the insulin consumption, so a model allowing us to control for trends in utilization seems sufficient.
Furthermore, the trend is interacted with the reform dummy. The parameter ߚ ଷ will capture changes in the trend. A steeper trend prior to the reform (ߚ ଷ is negative) is suggestive evidence of stockpiling.
I focus on six outcome measures closely related to the outcomes of the graphical analysis.
OOP/DDD is the (individual level) average co-payment per defined daily doses in a given period,
DDD is the total quantity of the drug bought in the period, TP/DDD is the average total price per defined daily doses, PRES is the number of prescriptions the person redeemed, DDD/PRES is the average number of defined daily doses per prescription the person redeemed, and OOP/TP is the ratio between co-payment and total price. The interpretation of these is similar to the outcomes in section 4, only on the individual level. For the price variables I estimate two different specifications of the above model; one with and one without the time trend. A trend will capture the decline in price caused by the nature of the new subsidy scheme and hence, the effect of the reform on prices will be overestimated.
For consumers who buy insulin in the year before the reform, I estimate the effect of the reform on their consumption of other drugs to see if there are any spillover effects. In this case, I consider two extra variables, ESSENTIAL and LESS ESSENTIAL. The former measures the number of essential drugs bought and the latter is the complement set (termed less essential for convenience). The essential drugs are defined according to Tamblyn et al. (2001) : "medications that prevent deterioration in health or prolong life and would not likely be prescribed in the absence of a definitive diagnosis".
Even though the length of each time period is 90 days, a complication of the model is that the quantity variables will be censored at zero (roughly 20%). To address this problem I use the estimator proposed by Honoré (1992) that allows for individual fixed effects in a censored regression model. The estimator is semi-parametric in the sense that it does not put any parametric assumptions on the distribution of the fixed effect. The key identifying assumption is the conditional pairwise exchangeability of the transitory error term,‫ݑ‬ ௧ , i.e., that ሺ‫ݑ‬ ௧ , ‫ݑ‬ ௦ ሻ is distributed like ሺ‫ݑ‬ ௦ , ‫ݑ‬ ௧ ሻ conditional on the regressors. This assumption can then be used to construct moment conditions that do not depend on the individual fixed effects. This estimator is used for the quantity variables, and the standard linear within groups estimator is used for the price variables 8 . The standard linear within groups estimator is also used for the censored variables as a sensitivity check.
Identification issues
The key identifying assumption is that the introduction of the new reimbursement scheme in March 2000 caused exogenous variation over the average out-of-pocket payment for prescription drugs and that it is through this change in consumer co-payment we see changes in utilization etc.
Using a reform like the one presented in this paper raises some important identification issues that need to be addressed. First of all, a major change in reimbursement rules does not happen over night without people knowing it. The reform was signed into law by the Danish Parliament in 1998, so consumers knew before-hand that there would be changes. Since prescription drugs are a type of good that need not to be consumed immediately when it is purchased, intertemporal substitution between time periods is possible. That is, if consumers foresee big price increases, they may stockup on the medications they consume, which was the case with insulin. This fact leads us to overestimate the effect of the increase in price that the reform causes, thus no price responsiveness derived will be valid. A somewhat similar problem is present in the marketing literature when estimating price elasticities of demand for storable goods using price reductions under sales as price variation; see Hendel & Nevo (2006) and Hendel & Nevo (2009) . This is the reason it is important to discard observations close to the reform date, at least for insulin. The nature of the new subsidy scheme also introduces a new problem that makes it difficult to report any meaningful direct link between prices and quantities. Insulin consumers have very high annual prescription drug expenditures, and roughly half of these expenditures stem directly from insulin. When the average insulin consumer goes to the pharmacy, under the new subsidy scheme, he or she knows that their current purchase of insulin will lower the future price on other drugs (and insulin as well). So if the forward looking consumer incorporates price reductions for future consumption, the real marginal price is lower than the marginal price we observe. Keeler, Newhouse & C. E. Phelps (1977) dubs this price the effective price. This does not suggest that it is pointless to investigate how insulin utilization changes as a consequence of the reform, only that we should not over interpret any y percentage decrease in utilization associated with an x percent co-payment increase.
Penicillin is another matter since it is used to treat non-chronic conditions. The future consumption of non-chronic drugs can be very hard to predict, so we do not expect consumers to stock up on them, which seems to be backed up by the data. Another feature which suggests that penicillin is the type of drug you 'buy when you need it' is the strong seasonal component of the aggregate consumption we saw earlier. Almost 90% of the people who consumed penicillin in 1999 redeemed only one prescription (of penicillin). Also, the median person who received treatment with penicillin in 1999 had a total expenditure level just below DKK 400, for all prescription drugs. This tells us that the median penicillin consumer does not expect to consume enough for the subsidy to kick in under the new scheme if expectations are based on consumption in previous period. If the median penicillin consumer redeems a prescription immediately after the reform, the marginal price that we observe in the data will probably also be close to the true marginal price for the individualat least compared to the median insulin consumer. On that account, it is more meaningful to establish a direct link between co-payment increases and utilization changes especially when we consider the days very close to the reform date. Here everyone will be met with the same out-ofpocket price at the pharmacies (since all are in the beginning of their new subsidy year). Of course, a subset of those who buy penicillin immediately after the reform will be chronics in terms of other drugs, whose price response probably will be lower by means of the effective price. Bearing in mind that we do not attempt to estimate any structural parameters anyhow, the results from the analysis will still be relevant for public policy, i.e., it tells us what effect a 10% increase in consumer copayment will have on utilization within the present regime. As mentioned earlier, I am not able to observe membership of the private insurance company "Danmark". A subset of the consumers will have some of their co-payment covered by this company which will lead us to underestimate the price response. Hence, the effects should be seen as net of private insurance.
Sample Selection
For the insulin estimation, I put some restrictions on the sample. First of all, I discard all individuals who die within the two years considered (425 individuals out of 7652). Obviously, if a person dies a week into the new reform period, her consumption is lower in the second period but this is not due to the reform. I only consider individuals who make a purchase before the reform. In the estimation of effects on the consumption of other drugs for people who buy insulin, the sample also only consists of individuals who bought insulin in the pre-policy period. By doing this, I capture the effect on those staying in treatment with insulin, but also that of those who decide to drop out of insulin treatment.
Throughout the analysis for penicillin, only individuals aged 18 or above are considered. The primary reason for this choice is the different subsidy scheme which exists for individuals under 18.
I now turn to the estimation results.
Results

1 Results -individual level analysis
Insulin I now present the results from the individual level analysis outlined in section 5. In table 6, the results for insulin are reported. There is a large increase in the co-payment per DDD, and utilization has fallen both in terms of defined daily dosage and number of prescriptions. The number of DDDs per redeemed prescriptions has gone down as well. The total price per DDD has increased slightly, and the magnitude of the effect is very sensitive to inclusion of the time trend. When we discard the purchases done 90 days before and after the reform date, we still see a big effect on co-payment.
The magnitude of the effect on utilization is roughly halved. This is most likely due to the stockingup effect. A similar reduction in utilization response is found in Chandra et al. (2010) when they remove observations close to the reform date, but they do not discuss stockpiling in great detail.
However, even for the sub-sample the reform indicator suggests large reductions in doses purchased. Overall, the results of the individual level analysis are in line with the graphical inspection. As mentioned, the specifications with quantity outcomes are censored at zero and are therefore estimated using the semi-parametric estimator of Honoré (1992) . As a sensitivity check these specifications were also estimated using the standard linear fixed effects model, and this did not change the conclusions (the numerical size of the point estimates differed somewhat).
The analysis is split down by high and low income (defined as being below/above the median income of the sample). The tables are placed in appendix D. The coefficient to the reform indicator is about 25% higher for the high income group than the low income group (the average number of doses purchased before the reform is lowest for the high income people). This suggests that stockpiling is more pronounced for people with high incomes or that they react more to the price change. As can be seen, the high income group also experiences a larger increase in the average copayment. That is, they stockpile because they expect larger price increases than people with low incomes. Another reason might simply be that people with high incomes are more able to plan their consumption. Note that liquidity constraints for the low income group cannot be an explanation as the drug was free. A graph similar to that of figure 1 broken down on income shows that the high income group intensifies their purchases relatively more than the low income group the last 10 weeks before the reform date (not reported).
TABLE 6 FIXED EFFECT ESTIMATION -INSULIN
Note: Statistics Denmark, 20% random sample. Bold indicates significance at 5% level. S.E. in (), clustered on person ID, 'Mean' is the sample average of outcome in the pre-policy period.
To make sure that the results are not driven by a peculiar calendar effect, I provide a graphical falsification test for insulin in which I consider an artificial reform date, namely March 1 st 1999; see figure 5. There does not seem to be any changes in quantities nor out-of-pocket prices around March 1 st 1999. As a last set of results on insulin, I report the utilization and price changes of other prescription drugs for individuals being treated with insulin; see table 7. All utilization measures decrease as a consequence of the reform; the results suggest a drop of -.7 in the number of essential drugs used and a drop of -1.04 for less essential drugs. There is a significant, positive time trend in utilization.
FIGURE 5 FALSIFICATION TEST -AVERAGE OUT-OF-POCKET
We also see that the out-of-pocket payment for the other drugs has gone up. The total price per daily doses has gone down, but this result is sensitive to the inclusion of the trend, i.e., the effect is probably driven by the trend.
Considering the sub-sample where 90 days of each side of the reform is dropped, the results change somewhat. The effect on the average out-of-pocket payment per DDD is small and statistically insignificant in the specification without a trend. I still see fewer prescriptions redeemed and negative effects on the number of essential and less essential medications bought, however the coefficient estimates are halved compared to the full sample. Notice there is no significant change in the trend over the pre-post reform period which we would have expected if people stockpiled.
However, it is not obvious that stockpiling of other drugs prior to the reform date is optimal.
Remember that all other drugs than insulin carried a 25 or 50% co-payment. Hence, it is possible that the price of these drugs would be lower after the reform if expenditure levels were sufficiently high.
TABLE 7 FIXED EFFECT ESTIMATION -INSULIN -CONSUMPTION OF OTHER DRUGS
Note: Statistics Denmark, 20% random sample. Bold indicates significance at 5% level. S.E. in (), clustered on person ID, 'Mean' is the sample average of outcome in the pre-policy period. The analysis of other prescription drugs is also split down by income group; see appendix D. Again, the coefficient to the reform indicator is larger for the high income group when we consider the total amount of doses even though they buy fewer doses on average before the reform. This is true for the full sample as well as for the sub-sample. The results further suggest that the low income group drops out of relatively more essential as well as less essential treatments after the reform.
This effect is muted when we consider the sub sample results though.
Penicillin
The first set of results for the individual level analysis for penicillin will consist of a graphical representation of the probability of purchase on the days in the neighborhood around the reform.
Before we turn to that, we investigate the underlying 'treatment', namely the consumer out-ofpocket price. In figure 6 this is presented on a daily basis 14 days before and after the reform date.
On the vertical axis we have the average out-of-pocket price per prescription redeemed. The new reimbursement scheme causes the average out-of-pocket price to jump up roughly 100%. with the first day (a Wednesday) omitted. That is, the propensities should be seen as deviations from this day. We see that the propensity to purchase penicillin peaks on Mondays which seems only natural since GPs are usually closed during the weekends, so people who become sick in the weekends have to wait till the coming Monday to get a prescription (if they are very sick, they can go to see at doctor from the emergency service to get a prescription). The purchase propensities on the remaining weekdays do not seem to be statistically significantly different from each other. More
importantly, an eyeball test shows that there is a downward shift in the propensity to purchase in the post-reform period.
We now turn to the estimation of the model outlined in equation (1.2) in section 5. Our parameter of interest, ߚ ଵ , which measures the jump in the propensity caused by the increase in price, will be estimated using different specifications that controls for the daily variation we observe in figure 7.
Each individual is observed each day in the time period of interest. Estimation is carried out using a pooled probit 9 model with individual level clustering. As a sensitivity check, estimation is performed using one and two weeks on each side of the reform date, respectively. The results are reported in table 9.
9 A linear probability model yields almost identical results. As we can see in table 9, the coefficient to the reform indicator is negative and highly statistically significant, suggesting a drop in the propensity to purchase. In order to quantify the drop in the propensity, I have reported an elasticity measure evaluated at the pre-policy out-of-pocket price.
Using two weeks on each side of the reform date yields price elasticities in the range -.21 to -.30.
The results are not very sensitive to whether we estimate with one or two weeks on each side. Marginal effects from probit estimation of the probability of purchase during a given day with two and one week on each side of the reform date. S.E. in ( ). Clustering on person ID. Bold indicates significance at the 5% level. All coefficients are multiplied by a factor 1,000.
To make sure what the results are not driven by some peculiar time-effects, I carry out a falsification test whereby I redo the above analysis in exactly the same way, but with an artificial reform date, March 1 1999. That is, I consider two weeks on each side of March 1 1999. In this period, penicillin was subject to the 50% subsidy, so we expect to see a flat out-of-pocket price profile over the period. A graph depicting the average out-of-pocket price for the period is available in figure 8 . We see that the price is a little lower than the pre-reform price in figure 6 , but otherwise the price is constant.
The propensities equivalent to those in figure 7 are plotted in figure 9 . In figure 9 , the reference day left out is a Monday. Again, sales peak at Mondays. Notice how the point estimate for the last Monday in February is the largest, just as in the graph for the reform year. A potential worry about figure 7 is that the peak this particular Monday might have something to do with stocking up, but we see the same pattern in 1999. In the reform year, the two Mondays in the pre-reform period (two last Mondays in February) are not statistically significantly different. However they are different in 1999. There is no visible jump in the propensity over the two periods. Notice that the confidence bands for last weekday (a Friday) in the 'pre-reform' period is overlapping with the first weekday (a Monday) in the 'post-reform' period. Although there does not seem to be any jump in the The point estimates of our parameter of interest, the coefficient to the reform-indicator, are very small for the falsification test, compared to the estimates for the reform year, and insignificant in 3 out of 5 specifications. The specifications where the estimates are significant are those without a time trend included, so the downward time trend we saw in figure 8 is plausibly being caught by the reform-dummy in these cases. Estimation using a difference-in-difference setup with the population in the falsification test as control group yields very similar results to those in table 9 and are therefore not reported. To sum up, the analysis shows that the drug reimbursement reform had a positive effect on the consumer's out-of-pocket payment and that this was associated with considerable declines in utilization of both insulin and penicillin. For insulin, the decline in utilization took place on both the intensive and extensive margin that is, some opted completely out of treatment and those still in treatment lowered their consumption. The latter is consistent with what is termed 'drug holidays' in the medical literature on non-compliance, i.e., that people stretch a given amount of medication to cover more days than it has been prescribed for. Alternatively, doctors might have internalized the cost of the medications that their patients need and adopted a more efficient prescribing pattern. For Note: Marginal effects from probit estimation of the probability of purchase during a given day with two and one week on each side of the reform date. S.E. in ( ). Clustering on person ID. Bold indicates significance at the 5% level. All coefficients are multiplied by a factor 1,000. Low/high income is defined as people with income below/above median income.
Conclusion
This paper analyzes the effect of increased co-payments on two different prescription drugs, insulin and penicillin, caused by a reform of the reimbursement scheme for the general public in Denmark.
I show that reliable estimates of the price elasticity of demand can be difficult to uncover if the source of price variation used is (announced) changes in consumer co-payment. Patients in treatment with drugs that maintain chronic conditions, such as insulin, are much more likely to stockpile on their medications if they foresee future price (co-payment) increases. This fact leads us to overestimate the price response of the consumer. Removing observations close to the date of the price change reduces this bias, but consumers may have stockpiled to a degree that even this strategy is not sufficient. Further, the new co-payment system had spillover effects on the consumption of other essential drugs for people treated with insulin. It is possible that these results are also driven by stockpiling, even though I argue that stockpiling of other drugs might not be optimal. Simonsen et al. (2010) , despite that this paper uses a completely different source of price variation.
Analyzing the phenomenon of stockpiling more detailed would call for a structural dynamic approach which also incorporates the non-linear pricing consumers face after the reform. It is plausible that one would see similar stockpiling patterns under the new subsidy scheme as people get to the end of their individual subsidy years. This type of behavior points to inherent inefficiencies of such subsidy schemes. This is, however, not within the scope of this paper and is left as a point of future research. 
